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Abstract 
The influence of the antiferromagnetic layer thickness on the magnetic properties of the trilayered 
thin-film structures with the exchange bias phenomenon was studied in the temperature range from 
100 up to 295 K. Dependences of the coercive force and exchange bias field on AF-layer thickness 
were analyzed for all structures with AF layer thickness from 2 nm up to 50 nm at room and low 
temperatures. The explanation in terms of the anisotropy and thermal energies competition was given 
for disclosure of an exchange bias for structures with 2 nm AF layer thickness at low temperatures. 
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1 Introduction 
The exchange bias was opened in 1956 by Meiklejohn and Bean for core/shell particles [1]. The 
phenomenon is studied in the thin films structures [2], too, and it can be described as follows: if any 
ferromagnetic (F) layer of a structure has a contact with some antiferromagnetic (AF) layer, then under 
special conditions there arises a coupling which is called exchange coupling. This phenomenon 
manifests itself in shifting of the hysteresis loop along the field axis.  
Investigations of the magnetic properties of the structures with exchange bias phenomenon are 
basically directed to solve the applied problems of the magnetic devices production. There are two 
problems, in particular, in the specified above part of physics: selection of the optimum materials for 
the technology and widening of their working temperature range. Usually, it is preferred to choose the 
materials demonstrating the biggest exchange bias fields and the highest velocity of the magnetic 
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moment switching, as well as to have an ability of controlling both the exchange bias and the 
coercivity values. On this basis, it is scientifically interesting to study the exchange bias and coercivity 
dependences on such thin-films properties like layer’s thickness [3-5], blocking temperature [6-10], 
roughness of surface [11-13] etc.  
As for dependences of the exchange bias, Hex,  on the antiferromagnetic layer thicknesses, t_AF, 
today there exist a lot of works covering bilayered and trilayered thin films [3-7]. In general the 
exchange bias field rapidly increases for the thicknesses from 2 to 5 nm [3-6], and then it reaches 
maximum value near the AF-layer thickness of 5-7 nm. For the antiferromagnetic layer thicknesses 
above 7-10 nm  constant exchange bias field is often observed [5, 6], but with the tendency to 
increasing or decreasing (according to the particular case). Moreover, even in the very similar 
structures made by the same method, there is a difference in Hex vs t_AF dependences (in the article by 
different authors) and still have not been studied relationship between the exchange bias and the AF 
layer thickness in wide range of the thicknesses.  
In this paper we present the results of showing, how the variation of the antiferromagnetic IrMn 
layer thickness from 2 to 50 nm influences the exchange bias value in the trilayered FeNi/IrMn/FeNi 
original thin films. Also it is shown, that the decreasing of temperature leads to the increasing of the 
exchange biases and coercivities values in the range of the IrMn layer thicknesses from 2 to 8 nm. 
2 Experimental techniques 
The samples for our experiments were obtained by the DC magnetron sputtering under Ar pressure 
of 3*10-3 Torr. The magnetic field of 395 Oe was applied during the layers deposition in the plane of 
the substrate. Firstly, the layer of Ta (30 nm) was deposited onto the Si substrate, then 10 nm of NiFe 
were sputtered as the bottom ferromagnetic layer. After that AF-layer of IrMn with varied thickness – 
t_AF – was deposited from a single target. NiFe layers, in contrast,  were obtained by simultaneous 
co-deposition of Fe and Ni targets. Then the top layer of NiFe (10 nm) and protective layer of Ta were 
deposited. So, we have obtained trilayered thin-films with two interfaces: Si/Ta/NiFe/IrMn/NiFe/Ta. 
The chemical composition of the alloys was checked by X-ray energy dispersive spectroscopy 
(XEDS) after the deposition and it was Ni40Fe60 and Ir15Mn85. The thicknesses of the layers were 
determined from the time and rate of sputtering. As for layers deposition rates, they were evaluated by 
measuring of the calibrating layers thicknesses using the method of Rutherford backscattering. 
Magnetic properties of the produced thin films were investigated by the method of vibrating 
sample magnetometry (VSM). The dependence of the magnetic moment of each sample on the 
external magnetic field values was obtained for two mutual orientation of the magnetization easy axis 
(MEA) of samples and the direction of the magnetic field: magnetic field direction is parallel or 
perpendicular to MEA. All experiments were done at room temperature and 100 K. 
3 Experimental results and discussion 
Magnetization loops measured at room temperature are plotted in the figure 1. The red and the 
black curves show the hysteresis loops measured perpendicular and parallel to the magnetization easy 
axis (MEA) of the sample, respectively. Figure 1a demonstrates that there is no any exchange bias in 
the sample with the thickness of the AF IrMn layer of 2 nm. It corroborates previous observations that 
this thickness is too small to create the exchange bias at room temperate [14, 16, 18]. In our case the 
critical thickness of the IrMn layer is 4 nm at which the exchange bias value is equal to 28 Oe for the 
top and 37 Oe for the bottom loops (see the fig. 1b). In the paper [16] authors attribute the separation 
of the top and the bottom loops to the influence of the top and the seed interfaces of the trilayered 
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films, respectively (the seed interface is the one between the seed layer and the lowest F layer). But 
there is no any convincing proof of this hypothesis. 
 
 
Figure 1: Hysteresis loops for Ni40Fe60/ Ir15Mn85/ Ni40Fe60 structures with different AFM IrMn layer thicknesses 
(a)=2 nm, b)=4 nm, c)=8 nm, d)=20 nm, e)=30 nm, f)=50 nm) for two mutual orientations of the magnetization 
easy axis (MEA) of samples and the direction of the magnetic field: magnetic field direction is parallel or 
perpendicular to MEA. 
 
The values of the exchange bias estimated from the magnetization loops measured in the magnetic 
field parallel to the MEA are plotted in the figure 2 as a function of the thickness of the AF IrMn 
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layer.. It is clearly seen  that the values of the exchange bias for the bottom loops are  2-8 times bigger 
than the ones for the top loops in all studied samples with the thickness of the AFlayer higher than 4 
nm. Despite this difference in the absolute values qualitatively both curves behave similarly. There is a 
peak around 8 nm followed by steep decrease and then non-monotonous growth for t_AF higher than 
10 nm. Similar results were observed for the Ni75Fe25/Ir30Mn70/Ni75Fe25 trilayered structures [5]. These 
findings may be summarized as follows: increasing of the thickness of the AF layer decreases 
interaction between the F layers. 
 
Figure 2: The exchange bias dependences on AF IrMn layer thickness. 
 
In Fig. 3 there are presenting the dependences of samples coercivities on AF-layer thickness. As it 
can be seen, coercivities of bottom loops are stable bigger than of top at antiferromagnetic layer 
thickness above 8 nm – the same behavior as of Hex in Fig.2. But here are some special values of 
coercive force at t_AF=6 nm. Why does the top HC bigger than bottom one and not vice versa? It is a 
secret for us. 
 
Figure 3: Dependences of coercivity on AF IrMn layer thickness. 
 
Then we investigated our samples with AF layer thickness of 2,4,6,8 nm at 100 K in Argon 
atmosphere. In fig. 4 there are showed four hysteresis loops for 2 and 8 nm IrMn layer at room and 
100 K temperatures. The results of the exchange bias estimation at 100K are shown in Fig. 5. At 2 nm 
of IrMn layer the exchange bias values are 45 Oe and 17Oe for top and bottom loops, respectively. For 
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comparison, these values of Hex at room temperatures are achievable only at 4 nm of 
antiferromagnetic layer thickness. Also, it should be noted that at 8 nm AF layer the exchange bias 
value reaches 205 Oe, that is much more than maximum exchange bias value at room temperature. 
 
Figure 4: Hysteresis loops for 2 and 8 nm AF IrMn layer thicknesses at room and 100K temperatures. 
 
Figure 5: The exchange bias dependence on AF IrMn layer thickness at 100 K. 
 
Fig. 6 shows the coercive force dependences on antiferromagnetic layer thickness at temperature of 
100 K. In this range of AF-layer thickness the maximum coercive value of 156 Oe is at 2 nm of IrMn, 
whereas at room temperatures maximum of HC is about 80 Oe at 15 nm of AF-layer thickness. 
 
Figure 6: The coercivities dependences on AF IrMn layer thickness at 100 K. 
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4 Conclusions 
Magnetic properties of the trilayered thin-films structures with the AF layer thickness from 2 to 50 
nm have been studied at temperatures of 100 K and 295 K. The maximum exchange bias field value at 
room temperature was found to be about 100 Oe at 50 nm IrMn antiferromagnetic layer, while at 100 
K the maximum Hex=205 Oe. At room temperatures the critical thickness of the AF-layer for the 
existence of the exchange bias is 4 nm and the loop shifting at this thickness is about 30 Oe. For 
comparing, this value of exchange bias can be reached at t(IrMn)=2 nm at 100 K. We suppose, that the 
emergence of the nonzero bias at 100 K for 2 nm of AF-layer (while at room temperature it is almost 
absent) can be related to weak anisotropy of the AF-layer of such thickness. Therefore, the energy of 
exchange coupling can be balanced with thermal fluctuations.  
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